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Refelarities  ia  tlie  Ckaage  «f  Binding  Energy 
•f  Nnelennn  in  Nnclei 

y.  k.  Krmtaa* 


% a e«E{jar|!Soit»  bace?l  ca  e^^riasRtal  d&t«,  of  t!iiis  binding  ennsgies  of 
tin  "last”  Bscleotu  in  » imeieus.  mt  ptwiaonly^  antabliahad  the  wdst«ne« 
of  the  iollooing  ragoiatrities:  (a)  the  bin<iiag  mmttgy  of  the  Imt  amtsoa 
inemnses  with  the  ntnber  of  pnotosa  in  a nocieos  aaul  dacrenaes  with  the 
umber  of  neatsoa^  in  c madeus;  (b)  the  binding  energy  of  the  lest  ptoton 
'iacteeaec  widi  the  nsad>er  of  neutrons  in  a nuclau  and  decreases  with  the 
smber  of  protons  in  a neclere.  in  a paper  publiahed  later,  lay  and  %od* 
daacribed  theae  zeguiaritim,  imt  (Hily  for  heavy  nuclei.  InpioTeHMnt  of  the 
e:^eriBental  veluee  ahowed  that  there  are  as  yet  ).io  exceptiona  to  these  refpi- 
Isrities  and  that  they  are,  therefore,  probably  universal.  £q  our  previoua 
woru,  we  nave  stuwn  tnat  the  c&ssge  of  hinds.:^  energy  is  greateat  fior  light 
nuclei  and  decreases  gradually  as  we  go  to  heavier  nuclei. 

The  changes  in  binding  energy  of  nucleona  were  alao  studied  qpiantitatively. 
Ihe  bindiag  ec^tgies  of  the  last  nuclecms  were  taken  fron  binding  energy 
tidiles  oonpiled  by  the  present  eutbor  on  ihe  basis  of  esss-.^ectrogn^ic 
tfMswteBaats,  energies  of  nuclear  reactions,  eeeigiM  of  radiosetive  trana- 
fonwtioiss,  and  other  esperbsental  data.  These  tables  were  based  on  experi  - 
sMotal  uterial  published  before  July  1,  1952.  The  part  of  the  t<ble  which 
deals  with  heavy  nuclei  has  been  published  by  the  present  author.  ‘ 

These  ejq>eriiauital  binding  energies  were  used  to  oonpute  the  average  in- 
eraese  in  the  binding  energy  1.  of  a neutron  caused  by  the  addition  of  a 
protiKa  to  the  nucleus,  and  the  average  increase  in  the  binding  energy  ip  of 
a proton  mused  by  the  edtHtion  of  a neutron  to  the  nucleus.  The  values  i^ 
wd  ip  were  fousJ  fron  the  foraulas 
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7)here  «{n(2,  M)  a::^  N)  are  the  Sninding  energies  of  the  last  pairs  c£ 

iantahee,  OS)  and  (13)  in  reference  3). 

Fig.  1 dastm  the  hyperbola 
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SuiO*  the  deerettM  is  binding  energy  of  the  proton*  with  increasing  nsesber 
«f  piotona  in  the  imeleus  defends  not  only  on  the  nuclear  forces  but  also 
ths  eiectroststie  iorces,  »»  co«»wted  the  change  cl  the  electrostatic 
asa*gy  £«  Iron  the  fonmia 


the  anicleiHt  e&icuiated  fron  the  loroula 
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«lh»s*  A is  tha  nam  rasiber  and  ia  a eonstint  taken  to  be  1.38  10"^*  cm 

19  faw>>j|sBee  nith  ths  ea^riaentai  (hits  ia  reference  4. 
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thift  foists  &m  the 


ia  1 ca4  2«  het  i« 'thi) 

static  mrtmtitm  w^tmm,  the  ^»trih«ti«»  of 

•th#  f»inte.  If  tl»  mclsar  raf^ius  isssreosed  , 

mm  oiomy  tl»a  secordiag  to  (S'),  i,e. , if 

Ilia  dessity  of  hca*7  acciei  were  greeter  than 

of  light  anciei,  the  experueentel  points  ^ . 

ia  1^^  4 oaaid  he  te  the  carve.  | i 

1^.  (2)  '«sd  (Sl,  on  the  mie  hcgud,  and  (6)  • 

mad  (7),  on  the  other,  shoe  to  s certain  degree  \. 

the  ^esfo  indspendmce  of  the  hissing  ai^tgy  * V 
of  tius  ancieens  ia  the  anci««s.  In  order  %c  . 

achieve  this  dbesge  indef>endenoe,  it  is  suf-  __ 

ficiwast  that  the  nncleer  interaction  of  protons  #*9" 

with  protons  (p>p)  be  identical  with  the  ^ 

interacti % of  nents^s  with  naitroas  (n~n)<,  j 

This  does  not  contradict  the  canclcsions  drami 

fxwn  wt|ii«iii8!est%s  on  tae  scattering  ot  protons  and  neutrons  in  references  S 
md  l><  Indeed,  scattering  eig»eruae»ts  show  that  the  neotr(Hi«p£ot<m  inters 
aetioe  at  hi^  mergiea  (>  30  llev)  is  soneidiat  di  ^ferent  Iron  the  prot<ai* 
proton  interaetioe.  Bdt  these  data  give  no  statenaat  dbont  & difference 
» between  the  p-p  and  n - n interi^ticnss. 

$ binding  energy  of  a tmil&sm  is 

the  effective  energy  of  interecti^  of 
the  whole  ^cleos  with  the  anelisMi  and 
, thereiore  depends  on  tmvf  factors.  This 

energy  depend  not  only  ^ the  isntclear 
*f  ' I force  law,  bat  also  on  the  state  of  all 

w the  nucleons  in  the  nucieoa,  i.e. , on 

’*  _ orbital  angular  WHMfita,  sysaaetry,  ^pins, 

and  so  forth.  Still,  the  csdstence  of 
s?ich  a sisple  dependence  jives  us  grounds 
to  suppose  that  it  is  caused  by  a basic 
factor,  possibly  by  the  lew  of  ouel€)ar 
forces.  The  deviations  of  the  esq^ruseii- 
tal  points  Iron  the  carves  have  the  sane 
order  of  nagnittHk  as  the  errors,  but 


4.  I ~ expsrimatsi  vslws* 

^ - ssBoriMBtal  vaiwes  of  <£ 
tbUractisf  th«  coriwctioa  £ol 


piausee  in  a aitterent  wny.  In  Fig.  4,  in  particular,  we  can  see  clearly  a 
sharp  peek  of  es^rimenitai  points  «t  N “ 126,  which  can  be  (plained  only 
by  tbs  effect  of  the  diosing  of  the  proton-neutron  shell  in  the  vicinity  of 
tte  aiaeleaa  Qtt  the  other  grapi»,  irrei^lcrities  also  seen  to  appear 

in  tha  masm  region.  Thus,  the  shells  affect  very  little  the  dependences 
dmcfihnd  by  E^.  C2),  (3),  (6),  (7). 

The  onelysia  of  eapenncntal  regularitiea  prestated  here  and  its  fextber 
rafiwwwont  should  he  continued  as  new,  B»re  precise  expeiinental  data  beoaoe 
avnilidtle.  Every  thoory  of  nuclear  forces  and  ^eory  of  nuclear  strecture, 
aSnhg  with  the  «9|ii«natio!i  of  otiber  facta,  will  also  have  to  acotnmt  for  these 
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